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Wednesday, February 11, 2015 497acomputational and experimental techniques. We show directly for the first
time that an AT passenger remains unfolded in the absence of OM secretion.
Since OM secretion is also impaired for a folding-deficient passenger mutant,
we conclude that folding and secretion are coupled. We demonstrate that AT
secretion is a kinetically controlled, non-equilibrium process and propose a
model connecting passenger conformation to secretion kinetics. These results
underscore the importance of passenger folding as a driving force for AT
secretion, but also reveal that other energy sources are required to initiate
secretion.
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The adenylate cyclase (CyaA) toxin, secreted by Bordetella pertussis the path-
ogenic bacteria responsible for whooping cough, plays a critical role in the
early stages of respiratory tract colonization by this bacterium. The CyaA
toxin is able to invade eukaryotic cells by translocating its N-terminal cata-
lytic domain directly across the plasma membrane of the target cells where,
activated by endogenous calmodulin, it produces supraphysiological levels
of cAMP. The molecular process leading to the translocation of the catalytic
domain across the plasma membrane remains poorly understood. Here, we
have characterized the membrane interacting properties of the CyaA catalytic
domain by a combination of biophysical approaches. We showed that the
catalytic domain per se (AC384, residues 1-384) did not interact with mem-
brane while a longer polypeptide, AC489, was able to insert into and permea-
bilize membranes. Moreover, deletion of residues 375 to 485 within CyaA
abrogated the translocation of the catalytic domain into target cells. We
then further identified within this region a key amphiphilic segment spanning
residues 454 to 485. We showed that a synthetic peptide corresponding to this
sequence, P454, could bind to membranes containing negatively charged
lipids, adopt an alpha-helical structure oriented in plane with respect to the
lipid bilayer and permeabilize vesicles. All together, these results indicate
that this short CyaA region downstream to the catalytic domain is essential
for toxin translocation. We propose that after insertion of the hydrophobic re-
gion (residues 525 to 715) of CyaA into target cell membrane, the region en-
compassing the helix 454-485 may insert into membrane and induces a local
destabilization of the lipid bilayer leading to membrane permeabilization, thus
favoring the translocation of the catalytic domain across the plasma mem-
brane of target cells.
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The pH-triggered membrane insertion of the translocation (T) domain is critical
for the entry of the diphtheria toxin into the target cell. Previously we charac-
terized the kinetic pathway of membrane insertion of the T domain, which
consists of a sequence of conformational changes that convert a water-
soluble state into a transmembrane state. Here we utilize various thermody-
namic approaches to determine the changes in the Gibbs free energy associated
with these conformational changes. The initial conformational change, which
occurs in solution, was studied by thermal and chemical denaturation using dif-
ferential scanning calorimetry, circular dichroism, and fluorescence spectros-
copy. We found that acidification of solution, which results in the formation
of the membrane-competent form, reduces the thermodynamic stability of
the T-domain by about 3-5 kcal/mol, depending on the experimental condi-
tions. For thermodynamic studies of membrane insertion we applied a novel
approach that combines fluorescence correlation spectroscopy with the use of
fluorinated surfactants as chemical chaperones. We estimated that the free
energy values for the transition from a membrane-competent state in solution
to the interfacial intermediate, and to the final transmembrane state are about
8.25 0.2 kcal/mol and 12.05 0.2 kcal/mol, respectively. The free energy
barrier between the two states is modulated by the presence of anionic lipids.
We summarize our findings in a proposed free energy landscape for the refold-
ing and bilayer insertion of the T domain.
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Gene therapy and inhibition of malign molecules inside abnormal cells rely on
an efficient and specific delivery of drugs into the targeted cells. To do so,
disruptive methods such as electroporation or partial destruction of the cell
membrane through chemical reagent are currently used.
An alternative technique is the use of carriers that will help the drugs to cross
the membrane, without introducing deleterious effects due to the membrane
disruption. A family of such carriers is known as Cell Penetrating Peptides
(CPPs). Those peptides are short, about ten amino acids, and often cationic.
They are able to translocate through the membrane with different cargos and
deliver them into the cytosol. However the mechanisms are still unknown.
We use three different techniques to gain insights into the mechanism leading to
the translocationofaCPP.Onemethodusea forcemeasuring tool adapted to living
cells: theBiomembraneForce Probe. It givesus the partners that can be involved in
such process. A second technique is based on a TIRFmicroscope where the reflec-
tion ismade on a suspendedbilayer due to a highoptical index differences between
each side of the membrane. This allows us to follow single peptides close to a sus-
pended bilayer. We managed to observe single CPPs that are in suspension or
bound to themembrane. A thirdmethod relies on awater-oil emulsion. Twowater
droplets, one containing fluorescent CPPs and the other only buffer, are generated
in an oil-lipidmixture, so that a lipid bilayer is formed at their interface.We follow
the translocation of the fluorescent CPPs between the two droplets.
So far we were able to identify sugars as binding partner of the CPPs and to
image CPP translocation.
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Peptide entry inhibitors (PEI) interfere with the key steps by which enveloped
viruses bind to, fuse with, enter, and eventually infect their target cells. There
has been increasing interest in engineering new PEIs and improving their bioac-
tivity to combat rapidly and constantly mutating viruses. Yet the lack of generic
molecular design principles has obstructed the development of new PEIs. To
circumvent this roadblock, we are developing a synthetic molecular evolution-
based approach to select PEIs based on their membrane interactions. Using
the Wimley-White interfacial hydrophobicity scale to identify membrane inter-
acting sequences, peptide entry inhibitors have been identified from within
several viral fusion proteins. We have hypothesized that some of these peptides
interfere with binding and fusion by interacting with directly viral and cellular
membranes as well as with hydrophobic portions of viral fusion proteins. This
hypothesis leads to the prediction that membrane-active peptides, in general,
will inherently have some activity against enveloped viruses, even when those
peptides are not derived from viral fusion proteins. To test this idea, we are using
cell biology and biophysics to assess and compare the antiviral potency of
several families of interfacially active peptides that we have discovered. Based
on the results of this characterization we will then use synthetic molecular evo-
lution, consisting of iterative library design and high-throughput screening, to
identify PEIs that have the needed antiviral potency to be useful therapeutics.
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Pore formation by membrane-active peptides is believed to play a key role in the
mechanism of action of antimicrobial peptides. However, at present the process of
spontaneous pore formation, the pore structure, and the pore lifetime in the bilayer
remain unknown. This is largely due to experimental difficulties in resolving tran-
sient protein structures and dynamics influid-phase lipidbilayers.Herewe employ
a mixture of unbiased multi-microsecond molecular dynamics simulations and
experimental techniques to study the process of pore formation and conductance
of melittin, a pore-forming membrane active peptide from honey-bee venom, as
498a Wednesday, February 11, 2015well as synthetically evolved gain-of-function variants of melittin, which have
recently been developed by William Wimley at Tulane University.
Using spectroscopic techniques we show that gain-of-function variants are able
to leak larger dyes from unilamellar vesicles than melittin. Like melittin gain-
of-function variants result in virtually complete leakage of the dye from vesi-
cles. However, the concentration of peptide required to achieve leakage is
significantly lower for gain-of-function variants than for melittin. This suggests
that these peptides form larger pores than melittin and that these pores are much
more stable, remaining functional over the lifetime of the leakage experiment.
Simulations of both melittin and gain-of-function variants reveal a wealth of
atomic detail information about transient processes such as peptide absorption,
folding, and oligomeric assembly, as well as the equilibrium structural
ensemble and stability, which were verified using circular dichroism, fluores-
cence, and electrochemical impedance spectroscopy.
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The initial steps of membrane disruption by antimicrobial peptides (AMPs)
involve binding to bacterial membranes in a surface-bound (S) orientation. To
evaluate the effects of lipid composition on the S state, molecular dynamics sim-
ulations of the AMPs piscidin 1 (p1) and piscidin 3 (p3) were carried out in 4
different bilayers: 3:1 DMPC/DMPG, 3:1 POPC/POPG, 1:1 POPE/POPG, and
4:1 POPC/cholesterol. In all cases, the addition of 1:40 piscidin caused thinning
of the bilayer, though thinning was least for DMPC/DMPG. The peptides also
insertmost deeply intoDMPC/DMPG, spanning the region from the bilayermid-
plane to the head groups, and thereby only mildly disrupting the acyl chains. In
contrast, the peptides insert less deeply in the palmitoyl-oleoyl containingmem-
branes, do not reach the midplane, and substantially disrupt the chains; i.e., the
neighboring acyl chains bend under the peptide, forming a basket-like conforma-
tion. Curvature free energy derivatives calculated from the simulation pressure
profiles reveal that the peptides generate positive curvature in membranes with
palmitoyl and oleoyl chains but negative curvature in those with myristoyl
chains. Curvature inductions predicted with a continuum elastic model follow
the same trends, though the effect is weaker and a small negative curvature in-
duction is obtained in POPC/POPG. These results do not directly speak to the
relative stability of the inserted (I) states or ease of pore formation, which re-
quires the free energy pathway between the S and I states. Nevertheless, they
do highlight the importance of lipid composition and acyl chain packing.
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Atrial fibrillation (AF) is the most prevalent type of arrhythmia and is associ-
ated with significant mortality. Amiodarone, owing to its efficacy and minimal
proarrhythmic effects, is the most commonly prescribed antiarrhythmic agent.
Though amiodarone is considered a class III, repolarization-prolonging, antiar-
rhythmic that inhibits potassium channels involved in restoring the membrane
excitable state, it also alters the function of many other structurally and func-
tionally diverse membrane proteins. This concomitant regulation of multiple
membrane proteins by amiodarone results in complex therapeutic and toxicity
profiles. Other antiarrhythmics, such as dronedarone, have similar multiple
membrane protein targets. Though such a multipronged mechanism for treating
AF appears to be desired, it is not clear how amiodarone, and other antiarrhyth-
mics exert their therapeutic actions and regulate a diverse range of membrane
proteins at similar concentrations. Chatelane et al. (1989) found that amiodar-
one and propranolol alter lipid bilayer properties, and that amiodarone does so
at therapeutic concentrations. We therefore took advantage of the gramicidin
(gA) channels’ sensitivity to changes in the lipid bilayer properties to deter-
mine whether the commonly used antiarrhythmics amiodarone, dronedarone,
propranolol and pindolol perturb the lipid bilayer properties and at which con-
centrations. Using a gA-based fluorescence assay and single-channel electro-
physiology to explore the antiarrhythmics’ effects on the lipid bilayer, we
found that amiodarone and dronedarone are potent bilayer modifiers, propran-
olol has intermediate activity, and pindolol is the least potent. Moreover, amio-
darone and propranolol increase bilayer elasticity. Because amiodarone and
dronedarone alter the lipid bilayer at their therapeutic concentrations, where
they act on multiple membrane proteins, our results suggest that their multi-target effects may involve a lipid bilayer-mediated mechanism. This under-
scores the need to further explore the role of bilayer-mediated mechanism in
therapeutic as well as toxic effects of antiarrhythmics agents.
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The most recent technical advancement of cryo-electron microscopy is revolu-
tionizing structural biology. Using the new generation of transmission electron
microscope and direct electron counting device, we can now solve the structure
of important DNA repair complexes with high efficiency and accuracy so to
observe new structural features unseen.
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Hepatitis B virus consists of a capsid formed by icosahedrally arranged Hepa-
titis B core protein (HBC) and an envelope with three different types of mem-
brane integrated surface proteins (HBS). During viral maturation, inside the
capsid the RNA-pregenome is reversely transcribed into a partly double
stranded DNA. The reverse transcription is concomitant with the dephosphor-
ylation of HBC. Only after the reverse transcription is completed the viral
capsid is enveloped. Interestingly a single, naturally occurring point mutation
I/F97L in HBC causes premature envelopment of the capsid.
We have used electron cryo microscopy and image processing to investigate the
structure of phosphorylated and unphosphorylated HBC cores as well as of the
premature envelopment mutant to understand the structural mechanisms of
capsid maturation.
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Ca2þ Release Channels (CRCs) are intracellular ligand-gated Ca2þ channels
that are responsible for an increase of cytosolic Ca2þ levels in response to
diverse stimuli. Two closely related families, ryanodine receptors (RyRs) and
inositol 1,4,5-trisphosphate receptors (IP3Rs), constitute this class of the tetra-
meric ion channels localized in SR/ER membranes of all eukaryotic cells.
Despite long-established efforts of multiple groups, structural analysis of
CRCs have proven difficult due to their inherent dynamic nature and their enor-
mous size (1.3 MDa for IP3Rs and 2.3 MDa for RyRs), making X-ray or NMR
techniques poorly suited for structural studies of these membrane proteins. The
best current structures of complete CRC, determined by single particle electron
cryo-EM at intermediate resolutions of 10-15 A˚, reveal some secondary struc-
ture elements in both the cytoplasmic and transmembrane regions of channels.
Recent advances in cryo-EM field, including the use of the direct electron
detection cameras and improved image-processing software, have, in some
favorable cases, allowed for the determination of near-atomic resolution struc-
tures of integral membrane proteins. Our strategies and recent progress toward
high-resolution structure determination of the entire CRC will be discussed in
the context of breakthrough developments in single-particle cryo-EM.
This research is supported by grants from the NIH (R01GM072804,
R21AR063255, P41RR002250 and S10OD016279), the AHA
(14RNT1980029) and the MDA (295138)
2518-Symp
Single Particle CryoEM of Integral Membrane Proteins
Yifan Cheng.
Biochemistry and Biophysics, University of California, San Francisco,
San Francisco, CA, USA.
The Keck Advanced Microscopy Laboratory, Department of Biochemistry and
Biophysics University of California, 600 16th Street, San Francisco, CA 94158
As a versatile tool in structural biology, single particle electron cryo-
microscopy (cryo-EM) has achieved milestones of determining near atomic
resolution three-dimensional (3D) reconstructions of non-enveloped viruses
with icosahedral symmetry. Recent technological breakthroughs in single par-
ticle cryo-EM, particularly the development of novel dose-fractionated image
